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The expression of proliferating cell nuclearantigen (PCNAl. 
also called eyelin, in human keratinocytes was examined by 
using the serum obtained from a SLE patient and a murine 
monoclonal antibody against PCNA/ cyclin. In the normal 
epidermis. few of the nuclei were labeled with anti-PCNA/ 
eyelin. This was in contrast to the positive nuclear staining 
seen in active lesions of psoriasis. In a primary culture of 
human keratinocytes growing as a monolayer, 20% - 30% of 
cells expressed PCNA/ cyclin. SV40-traosformed human 
P CNA/cyciin is a unique nuclear protein that is inducible in pro liferating ceUs and is the target antigen of autoan-tibodies in the sera of some patients with systemic lupus erythematosus (SLE) f1-4]' These autoan tibodies have been used to follow the distribution of PCNA/cyclin 
throughout the cdl cycle, and the preferential detection ofPCNAI 
eyelin in ceLis undergoing DN A synthesis led to the suggestion that 
the protein functioned in cellular DNA replication [5 ,6}. Recent 
reports have shown that pe N A/cyclin has a function identical with 
DNA polymerase 0 auxiliary protein [7-9)' 
The epidermis provides a well-defined model in which to study 
cdlular differentiation. Cells capable of self-renewal and prolifcra~ 
tion are located in rhe basal and .suprabasaJ layers [1 OJ. whereas cel1s 
undergoing tenninal differentiation are found in the spinous and 
granular layers. T o extend our knowledge of the mechanisms of 
epidermal growth. we examined the changes in PCNAJcydin ex-
pression occurring during kcratinocyre proliferation and differen-
tiation in vivo as well as in vitro, by using lupus autoantibodies and a 
murine monoclonal antibody. 
MATERIALS AND METHODS 
Antibodies T he ant,i-PCNA/cydin serum used in this study was 
from a SLE patient seen personally by Dr. Y. T akasak.i U untendo 
University School of Medicine, T okyo, J apan). Its specificity was 
established by methods previously reported it 1,12]' The patient's 
serum contained a precipitating am i-PCNA/cyclin titer of 1 ; 160 
by immunodiffusion. 
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Abbn:viations: 
PCNA: prol iferating cdl nuclear antigen 
SLE: systemic lupus erythematosus 
SV40: simian virus 40 
keratinocytes showed posirive nuclear staining in about 400/0 
of the cell population. In stratified kcratinocytes cultured in a 
high Ca++ medium. PC NA/cyclin express ion was decreased 
and onl y the cells in the basal and supra basal layers showed 
positive staining. These results indicate that the expression of 
PCNA/cyclin correlates with the proliferating state in 
human keratinocytes and may not be associated with the 
mechanism of differentiation in keratinocytes. J Invest Der-
maro/93:678-681,1989 
N ormal human se rum for the negativc control was obtained from 
heal thy volunteers. Examination of the se ra for fluorescent ANA 
was negative on both HEp-2 cells and cultured human keratino-
cytes. The positive contTols consisted of sera comaining antibodies 
to native DNA or U IRNP antigens without ami~PCNA/cyciin 
antibody activities. 
The murine anri-PC NA monoclonal antibody TOB7 (IgG l . K). 
which was established by the method of Oi and Hcrzenberg [13] 
was also used to confirm the observacion. TOB? spf'cificaJJ y reacred 
with the nuclei of continuously growing cells and mitogen stimu-
lated lymphocytes in immunofluorescence tests and with 34 kd 
polypeptide in immunoblotting as described previously P4]. 
Cell Culture Pri mary cultures of epidermal keratinocytes ob· 
tained from normal human skin were eStablished as described pre· 
viously [15] . Thl: cells werc grown in Eag le's MEM supplemented 
with 20% fetaJ bovine serum. 10 ng/ ml of epidermal growth factor, 
and 0.5 ,ug/ ml of hydrocortisone. The Ca++ concentration or this 
medium was 1.1 mM. For the low Ca++ medium. fetal bovine 
serum was treated with C helex 100 (Bio-Rad). and the 6nal con-
centration of Ca++ was adjusted with CaClz to 0.05 mM. 
Human epidennal keratinocyte cultures from neonatal foreskin 
were infected with SV40 as described previously [16]. The infected 
keratinocy tc cultures were maintained in Eagle 's minimum essen-
tial medium supplememed with 10% feral bovine serum and were 
routinely passaged. Following infection with SV40, the keratino-
cytes have been shown to obtain a high growth potential and lose 
the ability to di£feremiate in an orderly fas hion in vitro. These cells 
lose the ability to synthesize invoJ ucrin and cornified cel l envelopes 
[17 .18] . The cells continue to synthesize bullous pem'phigoid anti-
gen [191. epidermolysis bullosa acquisita antigen (201, and ker.l.tin 
proteins characteristic of simple epithelia [21]. The results reported 
here are bas'ed on experiments on a representative cell line. 
lmmuDostaining Biopsy specimens obtained from rhe skin of 
five normal adults or active lesions from 10 patients with psoriasis 
vuJgaris were embedded i.n OCT -compound (Miles Laboratory, 
Naperville, IL). and stored at -70 G e until tested. Cryostat~cut 
0022. 202X/89/S03.50 Copyright © 1989 by The Society fo r Investigative Dermatology. Inc. 
678 
VOL. 93, NO. 5 NOVEMBER 1989 
tissue sections (6 Jim) were mounted on sl ides. air dried. and fixed in 
cold acetone. 
Indirect immunofluorescence: was perfonned on culrured kerat-
inocytes or on frozen epidermal section5 using anti-PCNA/cyclin 
pa tient's serum (diluted 1/ 10). The methods have been previously 
described 122J. 
Because preparatory data showed that the monoclonal antibody 
TaB? and FITC-labded rabbit antimouse immunoglobin .:mtibody 
(Behring Werke AG, West Gennany) produced very faint staining. 
immunoperoxidase tests were performed on culrured cells or frozen 
sections using TOB7 and an immunoperoxidase staining k.it fot 
murine monoclonal antibodies purchased from Cambridge Re-
search L.ab (MA). After blocking with normal goat serum. slides 
were incubated with 2.520 mg protein/ ml dilution of mouse ascites 
containing the anti-PCNA/eyclin antibody TOB7 for 20 min ar 
room temperature followed by 20 min incubations with goat anri-
mouse IgG and peroxidase-labeled mouse IgG. Berween each incu-
bation. the slides were washed with two changes of 0.01 M phos-
phate buffe."red saline. pH 7.2. 
RESULTS 
The distribution of PCNA/ cydin antigen was determined using 
polyclonal se rum obtained from a patient with SLE and a murine 
monoclonal antibody TOB7 . The polydonal human serum and 
murine monoclonal antibody had an identical distri bution in all 
celis and tissues tested. There was no staining at all wh~n the kerac-
inocytcs were incubated with normal human or murine null ascitic 
fluid followed by labeled reagents. 
Skin Sections PCNA/ cycJin was almost undetectable in the nor-
mal epidermis (Fig la). This waS in contrasr to the staining pattern 
of [he ce ll s in the epidermis obtained from active lesions of psoriasis 
(Fig I b). Although the proportion of PCNA/cyclin positive cells 
varied among r.he' 10 psoriatic specimens. it was expressed in about 
10% of cells in the epidermis. 
Cultured Keratinocytes Following 3 weeks culture. the kerarin-
ocytt'S formed five to six cell layers. and the uppermost layers bc~ 
came terminally ditfcrentiated. The concentration of Ca++ in the 
medium was switched to 0.05 mM. and the cultures were main-
tained for a further 48 h. 
Asynchronous culrures. grown at a low Ca+-+ concenrntion 
(0.05 mM) on glass coverslips, were 6xcd and stained with anti-
PCN A/eyciin antibodjes. Tht' keratinocytes in this medium loS( 
their intercellular connections and c.ontinued to grow as a mono-
layer. These cells were unevenly stained by the anti-PCNA/ cyclin 
antibodies. Some of them were unstained. while ochers expressed 
PC NA/ eyclin intensely (Fig 20). In general. nuclear expression of 
PCNA/cydin was observed in only 20%-30% of the nomla1 
human keratinocytes maintained as a monolayer. Th_is was in 
marked Contrast to rhe uniform staining of the nuclei of rhe cells 
treated with anti-U 1 RNP serum 123]. 
In the culture grown in a high Ca++- medium (1.1 mM). the 
keratinocytes underwent stratificarion. In these cul tures, expression 
of the PCNA/cydin was significantly decreased (to abo\lf 10%) 
when the culture sheet was observed from the surface. The." cuJture 
sheet was separated from the dish by dispase treatment to examine 
vertic.1 sections of the stratified keratinocytes. In vertical sections, 
genen-lly. rhe upper layers of keratinocytes showed negative 
PCNA/ eyelin staining. and the positive cells were confined to the 
basal and suprabasaJ positions (Fig 2b). 
Simian Virus.O (SV.O)-Transformed KeratiJ>ocytc, SV40-
transformed keratinocytes at passage 100-110th level were used. 
These cells grew as a monolayer and did not synthesize mature 
squames. PCNA/cycl in was detected in about 40% of the 
asynchronous SV40-transformed keratinocytes (Fig 2t). The nu-
clear staining pattern varied for different cells. indicating the pres-
ence of different amounts of this nuclear antigen at differene phases 
of the cell cycle. 
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Figure 1. Fluorescence photomicrographs of anti-PCNA/ cyclin suining 
using the serum of a SLE patient. /1: Nannal adult skin; b: ~sionJ.l skin of 
psoriasis vulguis (Origin:al m.agnific.ation: X 400). 
DISCUSSION 
PCNA/eyelin has anracted attention because of its possible rela-
tionship with cen proliferation. The rate ofPCNA/eyclinsynthesis 
is very low in quiescent cells and increases severalfold shortly before 
DNA synthesis in cells treated with a variety of mitogenic agems 
16.24.25). It has been detected in the majority of transfonned cells 
2nd tissue culrure cells of human origin [1.15.26 -29] and is noced to 
be a useful matker for detecting proliferating cells in solid tumors 
1
27] and for identifying blase-transformed cells in leukemic patients 
29. 
Our studies described here have demonstrated that the PCNAI 
cyc.lin expression of epidermal keratinocytes is correlated directly 
with the proliferating scare of the cells in vivo. a5 well as in vitro. 
Incubation of normal skin sections with .a.nti-PCNA/cyclin anti-
body produced little or no staining of cells in the epidennis. In 
contrast. the protein was found to be expressed in about t 0% of the 
cells of psoriatic epidermis. where the cells arc known to be very 
npidly proliferating [301. This observ~(ion confirms and can be 
explained by previous reports which have shown that a prolonged 
S-phase is observed in psoriatic lesions [31-33] and that tbe in-
creased epidermal cell proliferation in psoriasis is due to the non-cy-
cling to cycling tr;msirion of epidermal cells [34]' 
The expression of PCNA/cyclin in epidermal kenrinocytes in 
cell culture differed from that in nonnal human epidermis. In our 
experiment, the nuclear expression of PCNA/cyclin was observed 
in 20%- 30% of keratinocytes grown as a mono,layer in low Ca++ 
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Figu re 2. Fluorescence photomicrographs of anti-PCNA/ cycl in staining 
using the serum of a SLE patient. II : Epidermal kentinocytes muntained 2S a 
monolayer in alow G-+-+ environment (0.05 roM): b: Vertical S4::ction of th~ 
epidermal sbeet of cultured keratinocytes grown in a high Ca++ concentr2-
tion medium (1.1 mM); c: SV40-transformed kel"2tinocytcs. 
medium. In a previous analysis by cinemicrographic observation of 
preconfluent monolayer cultures of human keratinocytcs derived 
from nOrtT12] adul t skin, ce lls were shown co divide to form two 
daughter cells. and moS[ of these were seen to divide again [35]. The 
imerdivision time was at most 1 to 2 d. This time was much shorter 
than th(' germ.inative layer renewal time of the epidermis in vivo 
(12-19 d) [36) orrbecell cycle nmeestimaced from rhe dara of Row 
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cytomctry (139 h) 137] . Such differences in cdl population kinetics 
suggest the existence of large numbers of non-cycl ing cel ls in the 
germinative population in the epidermis. and hence, explain the 
differences in expression ofPCNA/ cydin in keratinocytes between 
the ce ll culture situation and the in vivo situation in normal epi-
dennis . 
Our studies also demonstrated that the PC NA/cyclin expression 
of keratinocytes was affecred by the Ca++ levels in the culture me-
dium. These results are consistent with previous observations that 
Ca++ regulates epidermal proliferation and differentiation in cul-
ture 138.391. Nuclear expression of PCNA/ cycl in was observed in 
20% - 30% of nonnal human keratinocytes maintained as a mono-
Jayer in a Jow Ca++ environment. In the stratihed cultures grown in 
a high Ca++ medium for 3 weeks, the expression was limited to the 
cells in the basal and suprabasallayers. while the superficial cells of 
rhe culture sheet showed negative staining. Generally, the propor-
tion of PCNA/ cyclin positive ce lls in the stratified cultures was less 
than that of the monolayer cultures in a low Ca++ medium. Thus 
PCNA/ cyclin seems to be involved in the Ca++ dependent control 
of proliferation and differentiation in cultured kerarinocytes. 
T ransformation of keracinocytes with SV40 causes the cells to 
rake on a high growth potential and lose their ability to undergo 
stratifica tion [16, t 7,21 J. The established SV40-transformed cell 
line shows a logarithmic growth pattern. PCNA/cyclin was ex-
pressed in abour 40% of asynchronous SV 40-transfonned keratino-
cytes. According to Celis et a] 140], at least 45% of SV40-trans-
formed kcrarinocytcs were stained brightly by anti-PCNA/ cyclin 
antibody. The difference between our report and theirs might poss i-
bly be due to the antibody concentration used in the experiment. 
When viewed as a whole, our data indicate that the presence of 
PCNA/ cyci in correlates well with tbe proliferating state in human 
keratinocytcs and suggest rhat PCNA/ cyclin may not be associated 
with the mechanism of differemiation in kerarinocytes after alL 
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